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The invention iclates to a transmissioa system comprising a transniitter for 
transmitting an input signal to a receiver via a transmission channel^ the transmitter 
comprising a splitter for splitting up the input signal into at least first and second frequency 
band signals, the transmitter further comprising a first encode for encoding the first 
5 frequency band signal into a first encoded frequracy band signal and a second encoder for 
encoding the second frequency band signal into a second encoded frequency band signal, the 
transmitter being arranged for transmitting the first and second encoded firequency band 
signals via the transmission channel to the receiver, the receiver comprising a first decoder 
for decoding fee first encoded frequency band signal into a first decoded fi-equency band 

10 signal and a second decoder for decoding the second encoded frequency band signal into a 
second decoded frequency band signal, the receiver further comprising a combiner for 
combining the first and second decoded frequency band signals into an output signal, the 
receiver further comprising reconstruction means for reconstructing the second decoded 
firequmcy band signal when the second decoded fncquency band signal is not available. 

15 The invention further relates to a receiver for receiving, via a transmission 

channel, first and second encoded frequency band signals from a transmitter, to a method of 
transmitting an input signal via a transmission channel, to a method of receiving, via a 
transmission channel, first and second encoded frequency band signals and to a speech 
decode for decoding first and second encoded frequency band speech signals. 

20 



A transmission system according to the preamble is known from the paper "An 
embedded sinusoidal transform codec with measured phases and sampling rate scalability'^ by 
Gerard Aguilar et. aL in the proceedings of the 2000 TBBB Ihtemational Conference on 
25 Acoustics, Speech, and Signal Ptocessxng. Istanbul, Turkey. 5-9 June 2000, Volume n, pp. 
1141-1144. 

Such transmission systems may for xample be used for transmission of 
speech signals or audio signals via a transmission medium such as a radio channel, a coaxial 
cable or an optical fibre. Such transmission systems pan also be used for recording of speech 
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2 19.01.2001 
signals on a recording medium such as a magnetic tape or disc. Possible applications are 
mobile pliones, voice over IP (Intern t) communication^ automatic answering machines and 
dictating machines. 

Figure 1 shows a block diagram of the Icnown transmission system, which 
5 transmission system is a so-called scalable wideband speech transmission system. This 

transmission syst^ comprises a transmitter 12 and a receive 14. The transmitter 12 and the 
receive 14 are coupled via a transmission channel 16. An input speech signal that is supplied 
to an input 18 of the transmitter 12 is split up into first and second frequeacy band signals 
(Le. spectral pc^ons) by means of a splits 20. The transmitt^ 12 further comprises first 

10 and second ^icoders 22 and 24 for encoding the first and second frequency band signals into 
first and second encoded frequency band signals. These first and second encoded frequency 
band signals are multiplexed by a multiplexer 23 into a multiplexed signal, which 
multiplexed signal (carrying the first and second encoded frequency band signals) is 
transmitted by the transmitt^ 12 via tiie transmission channel 16 to the receiver 14. The 

IS receiver 14 comprises a speech decoder 60 having a demultiplexer 25 for denmltiplexing the 
multiplexed signal into the first and second encoded frequmcy band signals and first and 
second decoders 26 and 28 for decoding the first and second encoded fiiequency band signals 
into first and second decoded firequency band signals. The speech decoder 60 furtiier 
comprises a combiner 30 for combining the first and second decoded frequ^cy band signals 

20 into an output signal which is suppHed to an output 32 of the receiver 14. Preferably, the first 
and second encoders 22 and 24 and the first and second decoders 26 and 28 are specifically 
designed for encoding and decoding the first and second frequency band signals. For 
example^ the first frequency band signal may be a so-called nairowband speech signal having 
a frequency range of 50-4000 Hz and the second frequency band signal may be a so-called 

25 highband speech signal having a frequency range of 4000-7000 Hz. The narrowband speech 
signal may be encoded and decoded by dedicated narrowband speech coders and decode, 
Similarlyi the highband speech signal may be encoded and decoded by dedicated highband 
speech coden and decoders. The decoded narrowband and highband speech signals are 
combined by the combiner 30 into a so-called wideband speech signal with a frequency range 

30 of 50-7000 Hz. 

An advantage of such a transmission system is that the narrowband signal can 
be decoded regardless of tiie highband signal. Normally both the narrowband and the 
hi^band signals arc received by the receiver 14 and the speech decoder 60 is able to produce 
a high quality wideband speech output signal with a frequency range of 50-7000 Hz. 
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3 19.01.2001 
However, when the transmission channel 16 is congested it might occur that frames of the 
highband signal are not received or are not received correctly by the receiver 14. In such a 
case the speech decoder 60 is still able to decode the corresponding frames of flie narrowband 
signal and to produce a lower quality narrowband speech output signal with a frequency 
5 range of 50-4000 Hz. 

The event that a certain frame is not received or is incorrectly received is 
called a frame erasure. It may be desirable for a transmission system to graceftilly handle 
such frame erasures. In the known transmission system frame erasures are handled either by 
time scaling (i.e. compressing or expanding in die time domain) the received frames adjacent 
10 to the erased friamet or by extrapolating certain parameters of the most recently received 
frame. 

The handling of frame erasures in the known transmission system suffers from 
a number of drawbacks which negatively influence the quality of the reconstructed speech 
signal. The handling of frame erasures by time scaling the received frames adjacent to the 

IS erased frames is relatively complex and, more importantly, it introduces extra delays because 
later received frames have to be manipulated in order to correct the erased frames. 
Furthermore* the handling of frame ^asures by extrapolating the parameters of the most 
recently received irame doesnt always produce the desired result For instance, for an erased 
frame which corresponds to the beginning of a new sound it is not possible to reconstruct a 

20 similar franoe based on the parameters of the last received frame (which corresponds to a 
different sound). 



It is an object of the invention to provide a transmission system as described in 
25 the opening paragr^h which does not suff^ from these drawbacks. This object is achieved 
in the transmission system according to the invention, which transmission system is 
characterised in that the reconstruction means are airanged for reconstructing the second 
decoded frequency band signal from the first decoded frequency band signal. By 
reconstructing the second decoded frequency band signal from the first decoded frequency 
30 band signal, i.e. on tiie basis of the first decoded frequency band signal, it is possible to avoid 
the delays which are involved witii the time scaling method. Furthermore, the transmission 
system according to the invention does not suffer from the disadvantage of the method of 
handling frame erasures by extrapolating certain parameters of the most recently received 
frame, which method does not produce a correct result when the erased frame corresponds to 




the beginning of a new sound. This disadvantage is avoided by teconstmcting a frame of the 
second decoded freqxiency band signal corresponding to a certain sound from a frame of the 
first decoded frequency band signal corresponding to the same sound. 

An embodiment of the transmission system according to the invention is 
S characterised in that the reconstruction means are arranged for reconstructing the second 
decoded frequency band signal from the first decoded frequency band signal by extending a 
bandwidth of the first decoded firequency band signal. By means of bandwidth extension a 
signal with a relatively narrow frequency band can be extended into a signal wiiti a relatively 
wide frequency band. Several techniques for extending the bandwidtti of naixowband signal 

10 are known from the p^er *'A new technique for wideband ^ihancemmt of coded 

narrowband speech", IEEE Speech Coding Worjcshop 1999, June 20-23, 1999, Porvoo, 
Finland. These techniques are used to improve the speech quality in a narrowband network. 
An advantage of die present embodiment of the transmission system according to th^ 
invention is that bandwidth extension is a computationally efficient way to reconstruct the 

IS second decoded frequency band signal from the first decoded frequency band signal. 

Moreover, by applying bandwidth extension a very good reconstruction of the erased frames 
of the second decoded fi:equcacy band signal can be obtained* which reconstruction is 
preferable over simply muting the second decoded frequency band signal. 

An embodiment of Che transmission system according to the invention is 

20 characterised in that the reconstruction means are arranged for reconstructing a present frame 
of the second decoded frequency band signal from a present frame of the first decoded 
frequency band signal and from a previous frame of the second decoded frequency band 
signal. By reconstructing a present frame of the second decoded frequency band signal on the 
basis of a present frame of ih© first decoded frequency band signal (for instance by means trf 

25 bandwidth extension) and on the basis of O^^dmeters of) a previous frame of the second 

decoded frequency band signal an even better reconstruction can be achieved. In some cases 
it is not always possible to correctly reconstruct a fivne of the second decoded frequency 
band signal on the basis of only ttte first decoded frequency band signal. For instance, when 
bandwidth extension is applied to reconstmct a highband speech signal from a narrowband 

30 speech signal it is difficult to distinguish betwera /s/ and /f / sounds. The reason for this is that 
these /s/ and /f/ sounds have spectra which are similar in tfadr naxxowband part and whidi are 
different in dieir highband part (see Figure 3 in which graph 70 shows the spectrum of the /s/ 
sound and in which graph 72 shows the spectrum of the /f/ sound). By incorporating 
infomiation from a previous frame of the second decoded frequency band signal it is clear 
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5 19.01^1 
which of the /s/ and HI sounds was actually included and a coirect reconstruction of the 
s&x)nd decoded frequency band signal can be made. 

A further embodiment of the transmission system according to the invration is 
charactensed in that Ae first frequency band signal and the first decode fi^uency band 
signal are low frequency band signals and in that the second frequency band signal and the 
second decoded frequency band signal are high fxequracy band signals. For example, the 
transmission system according to the invention can advantageously be used to reconstruct a 
highband speech signal trom a narrowband speech ^gnal. 

The above object and features of die present invention will be more appaient 
from the following descnptLon of the preferred embodiments with reference to die drawings, 
wherein: 



Figure 1 shows a block diagram of a prior art transmission system, 
15 Figure 2 shows a block diagram of an embodiment of ttie transmission system 

according to the invention. 

Figures shows spectraof /s/ and /fi^ sounds and will be used to explain the 
operation of the transmission system according to the inv^tion. 

In the Figures, identical parts are provided with the same reference numbers. 

20 

Figure 1 shows a block diagram of a prior ait transmission system, wliich 
transmission system is a so-called scalable wideband speech transmission system. This 
transriiission sysc^ 10 comprises a transmitter 12 and a receiver 14. The transmitter 12 and 

25 die recover 14 are coupled via a transmission channel 16. An input speech signal that is 
supplied to an input 18 of the trananitter 12 is split up into first and second frequency band 
signals (i »e. spectra portions) by means of a spUCter 20. The transmitter 12 further compiises 
first and second ^icoders 22 and 24 for encoding the first and second frequency band signals 
into first and second needed frequency band signals. These first and second encoded 

30 frequency band signals are multiplexed by a multiplexer 23 into a multiplexed signal, which 
multiplexed signal (carrying the first and second encoded frequency band signals) is 
transmitted by the transmitter 12 via the transmission channel 16 to the receiver 14. The 
receiver 14 comprises a q)eech decoder 60 having a demultipl^er 25 for demultiplexing the 
multiplexed signal into the first and second encoded frequency band signals and first and 
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6 19,01.2001 
second decoders 26 and 28 for decoding the first and second encoded frequency band signals 
into first and second decoded fjrequency band signals. The speech decoder 60 further 
comprises a combiner 30 for combining the first and second decoded frequency band signals 
into an output signal which is supplied to an output 32 of the receiver 14. Preferably, the first 
5 and second encoders 22 and 24 and the first and second decoders 26 and 2S are specifically 
designed for encoding and decoding the first and second frequency band signals. For 
example, the first frequency band signal may be a so-called narrowband speech signal having 
a fiequency i^ge of 50-4000 Hz and the second £requency band signal may be a so-called 
highband speech signal having a fiequency range of 4000-7000 Hz, The nam)wband speech 
10 Signal may be encoded and decoded by dedicated narrowband speech coders and decoders. 
Similarly, the highband speech signal may be mcoded and decoded by dedicated highband 
speech coders and decoders. The decoded narrowband and highband speech signals are 
combined by the combiner 30 into a so-called wideband speech signal with a frequency range 
of 50-7000 Hz, 

15 Figure 2 shows a block diagram of an embodiment of the transmission system 

10 according to the invention. The transmission system 10 comprises a transmitter 12 for 
transmitting an input signal to a receiver 14 via a transmission channel 16. The input signal is 
supplied to an input 18 of the transmitter 12, The transmitter 12 comprises a splitter 20 for 
splitting up the input signal into a narrowband signal (i.e. the first frequency band signal) and 

20 a highband signal (i.e. the second frequency band signal). The splitter 20 comprises a low 
pass filter 42, a delay elem^t 40 and a subtracter 44. The input signal is supfdied to die low 
pass filter 42 and the delay element 40. The nam)wband signal is the result of the filtering of 
the input signal by the low pass filter 42. Hie highband signal is the result of subtracting the 
delayed input signal finom the nairowband signal in flie subtracter 44. It is important for the 

25 low pass fOxest 42 to have a linear phase characteristic. This may be achieved, for example, by 
using a finite impulse response filter having a length of 81 so that the filtered signal is 
delayed by 40 samples. For speech the low pass filter 42 may have a pass band between 0 
and 3400 Bz and a stop band between 4000 and 8000 Hz. The delay element 40 is used for 
compensating the delay that occurs in the low pass filter 42, so that the input signals of the 

30 subtracts 44 have a desired phase relation. 

Alternatively, the highband signal may be derived from ttie input signal by 
means of a high pass filter (not shown), which is used in stead of the delay element 40 and 
the subtracter 44. 
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7 19.01.2001 
The narrowband signal is down sampled by a down sampler 46 and applied to 
a narrowband coder 22 (i,6. the first CTCoder). This narrowband coder 22 is a coder which is 
optimized for signals having a nanowband frequency range as described, for example, in ITU 
standards G-729 or Q.728 or in MPEG-4 CELP. The type or opCTation of this narrowband 
5 coder 22 is unimportant to the implementation of flie invention. The narrowband coder 22 
generates an encoded narrowband signal (i.e< the first encoded frequency band signal). The 
highband signal is sillied to a highband coder 24 (i.e. the second encoder) for encoding the 
hi^band signal into an encoded higliband signal (i.e. ttie second encoded frequency band 
signal). This bi^band coder 24 is a coder which is optimized for signals having a higihband 

10 tequency range as known from, for example, MPEG-4 CELP. The type or operation of this 
highband coder 24 is unimportant to the implementation of the invention. The encoded 
narrowband and highband signals are multiplexed in a multiplexer 23 into a multiplexed 
signal and this multiplexed signal (canying the encoded narrowband and highband signals) is 
transmitted by the transmitter 12 via the transmission channel 16 to the receiver 14. 

IS The receiver 14 comprises a speech decoder 60, T^e speech decoder 60 

comprises a demultiplexer 25 for demultiplexing the multiplexed signal into the mcoded 
narrowband and hi^band signals and a narrowband decoder 26 (i.e. the first decoder) for 
decoding the encoded narrowband signal and a highband decoder 28 (i.e. the second decoder) 
for decoding the encoded highband signal.. The decoded narrowband signal (i.e. the first 

20 decoded frequency band signal) is up sampled by an up sampler 50. In order to filter out 
undesired highband frequency components which may be introduced in the decoded 
namswband signal by the decoder 26 and/or the up sampler 50 the up sampled decoded 
narrowband signal is filtered by a low pass filter 52. The frequency characteristic of this low 
pass filter 52 is comparable to the frequency characteristic of the low pass filter 42 in the 

25 transmittOT 12. 

NormaUy, when a frame of the decoded hi^band signal is available, the 
decoded highband signal is supplied via a switch 49 (which is in the lower position) and a 
delay element 54 to an adder 30 (i.e. the combiner). The decoded narrowband signal (which 
has been up sampled by the up sandier 50 and filtered by the low pass filter 52) is also 
30 supplied to the adder 30. The adder 30 combines the decoded nanowband and highband 
signals into an ou^ut signal which is siqpplied to an ou^ut 32 of the receiver 14. Since it is 
possible for various signal delays to arise during the decoding of the encoded nanowband 
and highband signals, the delay element 54 is provided for delaying the decoded hi^band 
signal. In the case where the decoded narrowband signal experience less delay tfian the 
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decoded hi^band signal, the delay element 54 may be inserted between the low pass filter 52 
and the adder 30. 



reconstruction means) for reconstructing (for example by bandwidth extension of the 
5 decoded narrowband signal) the decoded highband signal when the decoded highband signal 
is not available. A frame of the decoded highband signal may not be available, for example, 
because the corresponding frame of the encoded highband signal was not received at all or 
because it was not received coxrectly or because it couldn^t be decoded correctly, Tn such a 
case the reconstructor 4S reconstructs the missing frame of the decoded highband signal and 
10 it is this reconstructed firame that is supplied via the switch 49 (in the upper position) and the 
delay element 54 to the adder 30. The reconstruction of the missing frame by the 
reconstmctor 48 is done on the basis of a (present) faxac of the decoded nam^wband signal 
which is supplied to the reconstructor 48. in addition, the reconstruction of the missing frame 
niay also be (partly) based on (c^tain parametras of) a previous &an:ie (or previous frames) 
15 of the decoded higjiband signal which is also supplied to the reconstructor 48, 



multiple extensions of the extended (narrowband) signal. This is very obvious for sounds like 
/s/ and /f/, whose spectra are similar in their narrowband part and diff^ent in the highband 
part Figure 3 shows two graphs 70 and 72 illustrating the spectra of these /s/ and /f/ sounds. 

20 In this Figure 3, horizontally the frequency (in Hertz) is plotted, while vertically the 

amplitude (in dB) of the spectrum is plotted. Graph 70 corresponds to the spectrum of the /s/ 
sound, while graph 72 corresponds to the spectrum of the /f/ soimd A bandwidth extension 
system only has the narrowband part available and cannot distinguish between these two 
sounds. Hence, the extension of the nam>wband part of these sounds may lead to audible 

25 artefacts. 



concealing frame erasures and suppose that the previous frame of data has been received 
correctly. In the current (present) frame, only the data describing the narrowband part of die 
wideband signal has been received correctly. The data describing the highband part is lost or 
30 erroneous. According to the invention, the highband part can be reconstmcted by means of 
bandwidth extension. This can lead to artefacts as is described above. However, if tiie 
highband of th previous frame is received correciiy, this can be used to correct some of the 
em>rs that are made by extending the bandwidth of the nam>wband signal. An important 
attribute or parameter Is the energy of the hig;hband signal. Instead of only using the energy 



The speech decoder 60 further comprises a reconstructor 48 (i.e the 



One of the main drawbacks of using bandwidth extension is that there may be 



Suppose that in the transnussion system bandwidth extension is used for 
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9 19.01,2001 
that is extrapolated from tiie narrowband signal by the bandwidth extension system, also the 
energy of the highband from Ae previously (correctly) received frames can be used The 
extr^lated highband signal is then scaled by an averaged value of these energies. For 
example^ if a transmission error in the highband data occurs during an /s/-sound> tiie 
5 bandwidth extension system will under-estimate the energy in the highband and as a result it 
will sound like an /&. However, if one or more of die previous frames already represmted the 
/s/*sound, the energy of these highband signals can be used to correct the energy level in the 
hi^band signal obtained from the bandwidth extension system. This additional information 
can solve which of the sounds is under consideration. This is an improvement of the system 
10 where only bandwidth extension is used for mot concealmrat In diis implementation, the 
energy of previous firames is used in combination of bandwidOi ext^ision. However, also 
other parameters could be used for this, like for instance the spectral envel€>pe or the pitch 
period. 

Although in the above otdy a coding schCTEie having two frequency bands is 
IS described, fh& invention is also applicable to coding schemes having more than two 

frequency bands. The reconstruction means 48 (with the switch 49) and flie speech coder 60 
may be implemented by means of digital hardware or by means of software which is 
executed by a digital signal processor or by a general purpose microprocessor. Furthermore, 
the reconstruction means 48 may be implemented in the frequency domain or in the time 
20 domain. 

The scope of the invention is not limited to the embodiments explicitly 
disclosed. The invention is embodied in each new characteristic and each combination of 
chaxacteristic^. Any reference signs do not Umit the scope of the claims. The word 
*'coiiQ)nsing" does not exclude the presence of other elements or steps than diose listed in a 
25 claim. Use of the word ""a*" or "an" preceding an element does not exclude the presence of a 
plurality of such elements. 
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1 . A tr^misdon system (10) comprising a transmitter (12) for transmitting an 
input signal to a receiver (14) via a transmission channel (16), the transmitter (12) comprising 
a splitter (20) for splitting up the input signal into at least first and second frequency band 
signals, the transmitter (12) further comprising a first encoder (22) for encoding the first 

5 frequency band signal into a first encoded frequency band signal and a second encoder (24) 
for encoding the second frequency band signal into a second encoded frequency band signal, 
the transmitter (12) being arranged for transmitting the first and second encoded frequency 
band signals via the transmission channel (16) to the receiver (14)> the resceiver (14) 
comprising a first decoder (26) for decoding the first encoded frequency band signal into a 

10 first decoded frequency band signal and a second decode (28) for decoding the second 
encoded frequency band signal into a second decoded frequency band signal, the receiver 
(14) further comprising a combiner (30) for combining the first and second decoded 
frequracy band signals into an output signal, the receiver (14) further comprising 
reconstruction means (48) for reconstmcting the second decoded frequency band signal when 

IS the second decoded frequency band signal is not available, characterised in diat the 

reconstruction means (48) are arranged for reconstructing the second decoded fiequency 
band signal from the first decoded frequency band signal. 

2. The transmission system (10) according to claim 1, characterised in that the 
20 leccmstmction means (48) are airanged for reconstructing the second decoded frequency 

band signal from the first decoded frequency band signal by extending a bandwidth of the 
first decoded frequency band signal. 

3. The transmission system (10) according to claim 1 or 2, characterised in that 
25 the reconstruction means (48) are arranged for reconstructing a present frame of the second 

decoded frequency band signal from a present frame of the first decoded frequency band 
signal and frx^m a previous frame of the second decoded frequency band signal. 
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11 19.01.2001 
4. The transmission system (10) according to any one of claims 1 to 3, 

characterised in that the first firequency band signal and the first encoded frequency band 
signal and the first decoded frequency band signal are signals having a low frequency band 
and in that the second frequency band signal and the second encoded frequency band signal 
and the second decoded frequency band signal are signals having a hig^ frequency band. 



5. A receiver (14) for receiving, via a transmission channel (16), first and second 
encoded frequency band signals from a transmitcer (12), the receiver (14) comprising a first 
decoder (26) for decoding the first encoded frequency band signal into a first decoded 

10 frequency band signal and a second decoder (28) for decoding the second encoded frequency 
band signal into a second decoded frequency band signal, the receiver (14) further 
comprising a combiner (30) for combining the first and second decoded frequency band 
signals into an output signal, the receiver (14) further comprising reconstruction means (48) 
for reconstructing the second decoded frequency band signal when the second decoded 

15 frequency band signal is not available, characterised in that the reconstruction means (48) are 
arranged for reconstructing the second decoded frequency band signal from the first decoded 
frequency band signal. 

6. The receiver (14) according to claim 5, characterised in that the reconstruction 
20 means (48) arc arranged for reconstructing the second decoded frequency band signal from 

the first decoded frequency band signal by extending a bandwidth of the first decoded 
frequency band signal. 

7. The receiver (14) according to claim 5 or 6, characterised in that the 

25 reconstruction means (48) are arranged for reconstructing a present frame of the second 
decoded frequency band signal from a present frantie of the first decoded frequency band 
signal and from a previous frame of the second decoded frequency band signal. 



8. The receiver (14) according to any one of claims 5 to 7, characterised in that 

30 the first mcoded frequency band signal and the first decoded fi:equency band signal are 

signals having a low frequency band and in that the second ^icoded frequency band signal 
and the second decoded frequency band signal are signals having a hig^ frequency band 
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A method of transmitting an input signal via a transmission channel (16), the 
method comprising: 

splitting up the input signal into at least first and second frequency band signals^ 

• encoding the first frequency band signal into a first encoded frequency band signal and 

S encoding the second frequency band signal into a second encoded frequency band signal, 

• transmitting the first and second encoded frequency band signals via the transmission 
channel (16), 

• decoding the first encoded frequracy band signal into a first decoded finequency band 
signal and decoding the second encoded frequency band signal into a second decoded 

10 frequency band signal, 

• combining the first and second decoded frequency band signals into an output signal, 

• leconstracting the second decoded frequency band signal when the second decoded 
frequency band signal is not available, characterised in that the second decoded frequency 
band signal is reconstructed from the first decoded frequency band signal. 

15 

10. The method of transmitting an input signal via a transmission channel (16) 
according to claim 9> characterised in that the second decoded frequency band signal is 
leconstracted from the first decoded friequency band signal by extending a bandwidth of the 
first decoded frequracy band signal. 

20 

1 1 . The method of transnntting an input signal via a transmission channel (16) 
according to claim 9 or 10, characterised in that a present frame of the second decoded 
frequency band signal is reconstructed from a present frame of tiie first decoded frequency 
band signal and from a previous frame of the second decoded frequency band signal, 

25 

12. The method of transnaitdng an input signal via a transmission chaimel (16) 
according to any one of claims 9 to 11, characterised in that the first frequency band signal 
and the first encoded frequency band signal and the first decoded frequency band signal are 
signals having a low frequency band and in that the second frequency band signal and the 

30 second mcoded frequency band signal and the second decoded frequency band signal are 
signals having a high frequency band. 



13. A method of receiving, via a transmission channel (16), first and second 

encoded frequency band signals, the method comprising: 
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decoding the first encoded frequency band signal into a first decoded frequency band 
signal and decoding the second encoded frequency band signal into a second decoded 
frequency band signal, 
• combining tiie first and second decoded frequency band signals into an output signal^ 
5 • reconstructing the second decoded frequency band signal when the ^ 

fincquency band signal is not available, characteiised in that the second decoded frequency 
band signal is reconstructed from the first decoded ficequency band signal 

14. The method of receiving, via a transmission channel (16), first and second 
10 encoded frequency band signals according to claim 13, characteiised in that the second 

decoded frequency band signal is reconstructed from the first decoded frequency band signal 
by extending a bandwidth of the first decoded frequency band signal. 

15. The method of receiving, via a transmission channel (16), first and second 
15 encoded frequency band signals according to claim 13 or 14, characterised in that a present 

frame of the second decoded finequency band signal is reconstructed from a present frame of 
tiie first decoded frequency band signal and from a previous frame of the second decoded 
frequency band signal. 

20 16- The method of receiving, via a transmission channel (16), first and second 

encoded frequency band signals according to any one of claims 13 to IS, characterised in that 
the first encoded frequ^cy band signal and the first decoded frequency band signal are 
signals having a low frequency band and in chat the second ^coded frequency band signal 
and the second decoded friequency band signal axe signals having a high frequency band. 

25 

17. A speech decoder (60) for decoding first and second encoded frequency band 

speech signals, the speech decoder (60) comprising a first decoder (26) for decoding the first 
encoded frequency band speech signal into a first decoded frequency band speech signal and 
a second decoder (28) for decoding Che second encoded frequency band siieech signal into a 
30 second decoded frequency band speech signal, the speech decoder (60) ftnther comprising a 
combiner (30) for combining the first and second decoded frequency band speech signals into 
an ou^ut signal, the speech decoder (60) further comprising reconstruction means (48) for 
reconstructing the second decoded frequency band speech signal when the second decoded 
frequency band signal is not available, characterised in that reconstmction means (48) are 



14 19.01.2001 
arranged for reconstructing the second decoded frequency band speech signal from the first 
decoded frequmcy band speech signal. 

18. The speech decoder (60) according to claim 17, characterised in that the 
5 reconstruction means (48) are arranged for leconstracting the second decoded frequency 

band speech signal from the first decoded frequency band speech signal by extending a 
bandwidth of the first decoded frequency band speech signal* 

19. The speech decoder (60) according to claim 17 or 18, characterised in that the 
10 reconstruction means (48) axe arranged for leconstnicting a present fi^me of the second 

decoded frequency band speech signal from a present frame of the first decoded frequency 
band speech signal and from a previous frame of the second decoded frequency band speech 
signaL 

15 20. The speech decoder (60) according to any one of claims 17 to 19, 

characterised in that the first encoded frequency band speech signal and the first decoded 
frequency band speech signal are signals having a low frequency band and in that the second 
encoded frequency band speech signal and the second decoded frequency band speech signal 
are signals having a high frequency band. 
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ABSTRACT: 



Described is a transmissioii system (10) comprising a transmitter (12) for 
transmitting an input signal to a receiver (14) via a transmission channel (16). Hie transmitt^ 
(12) comprises a splitter (20) for splitting up the input signal into at least first and second 
frequency band signals. Tb& transmitter (12) farther comprises a first encoder (22) for 

5 encoding the first fi^u»cy band signal into a first encoded fi^equency band signal and a 
second encoder (24) for encoding the second firqucncy band signal into a second encoded 
frequency band signaL The transmitter (12) is arranged for transmitting the first and second 
encoded ftequency band signals via the transmission channel (16) to the receiver (14). The 
receiver (14) comprises a first decoder (26) for decoding tiie first encoded frequency band 

10 signal into a first decoded frequency band signal and a second decoder (28) for decoding the 
second encoded fi:equency band signal into a second decoded frequency band signal. The 
receiver (14) flinher comprises a combiner (30) for combining the first and second decoded 
frequency band signals into an output signal and reconstruction means (48) for reconstructing 
the second decoded frequency band signal when the second decoded frequency band signal is 

15 not available. The transmission system (10) is characterized in that the reconstmction means 
(48) are arranged for reconstructing the second decoded frequency band signal from the first 
decoded frequency band signal. In this way, errors occurring in the receipt or decoding of the 
second frequency band signal can be concealed by reconstracting the missing part(s) on the 
basis of the first frequency band signal which was received and decoded correctly. 

20 Preferably, this reconstruction is done by means of bandwidth extension. 
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